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Abstract 
 
Methane (CH4) is 21 times more powerful as a greenhouse gas than carbon dioxide. 
Wetlands including flooded paddy fields are one of the major sources for this gas. Paddy 
fields are responsible for producing 25 to 54 Tg of CH4 annually. Methane emission rate could 
be affected by several factors such as irrigation pattern, fertilizer type, soil organic matter 
and soil temperature. Among them, soil temperature is a determining factor which deserves 
to be investigated. This study performed with the aim of understanding the effect of soil 
temperature on the methane emission rate from paddy soil in a short period of time (hourly) 
and long term (during rice growing season). The results of this study suggest that soil 
temperature could control the amount of methane emission and there is a positive and 
strong correlation in both soil temperature and methane emission pattern in short period of 
time. However, in case of long term trend, other factors such as water management and 
plant age decreased this correlation from 0.768 to 0.528.  
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1.0  INTRODUCTION 
 
Methane (CH4) is an effective greenhouse gas 
(GWP=21). It can be produced through the final step 
of biodegradation process of organic matter in 
flooded soils1. In fact, this greenhouse gas is a bio 
product of methanogenic activity in anaerobic 
condition of soil. 
 
 
 
Flooded rice fields are responsible for a major amount 
of methane emission with production of 25 to 54 Tg 
CH4 annually2,3. Considering growing global 
population, increasing the rice production is 
unavoidable so that it is predicted to reach 760 million 
tons in 20204,5. As a result, methane emission from rice 
fields will be increased to about 145 Tg y-1 by 20256. 
Under these circumstances, there is a strong demand 
for a sustainable rice production system toward 
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protection of our environment. Therefore, the methane 
emission from rice cultivation need to be controlled by 
taking some strategies based on scientific findings. For 
this purpose, the determining factors should be known 
and assessed. Temperature is one of these factors.  
 Temperature is an influencing factor on biological 
process (e.g., within the soil) which controls the 
methane production7. It has been indicated that 
methane emission would increase from 4ºC to reach a 
maximum at 37 ºC8. Furthermore, in anaerobic zone of 
rice soils, methane formation starts at 15 to 20 ºC9. 
Thus, the methane emission might be regulated by soil 
temperature.  Therefore, the relation between soil 
temperature (Ts) and methane emission over short 
(during a day) and long term periods (during growing 
season of rice plant) are the main concern of this 
study.   
 
 
2.0 EXPERIMENTAL DESIGN 
 
2.1  Plant Material 
 
Rice cultivar “MR219” (Oryza sativa L. ssp. indica) is 
being cultivated widely in Malaysia. This cultivar is 
producing about 80% of rice crop in Muda irrigation 
scheme area located at 6 11.8’ N, 100 4.5’ E10. 
Therefore, this variety was selected for cultivation. The 
rice seeds were grown at nursery and seedlings at the 
age of 25 days after planting were transplanted in 
paddy plots. This experiment was conducted in two 
cycles. 
 
2.2  Cultivation Medium 
 
Rice paddy Plots with 2 m length × 2 m width were 
selected. Soil profile, from bottom to the top, included 
of large gravels (below 40 cm depth); small gravels 
(0.5-1 cm) at depth of 30-40 cm; second layer soil (silty 
clay) at depth of 10-30 cm; and top soil (silty clay) at 
depth of 0-10 cm, respectively. The soil was from Jawa 
series with 51% clay and 43% silt in top 10 cm and, 53% 
clay and 42% silt in sub soil. In addition, the soil carbon 
and nitrogen content were about 6.38% and 0.62%, 
respectively.  
 
2.3  Methane Emission 
 
Static chamber method was employed for collecting 
methane emission from paddy soil. For this purpose, 
chambers (1 m height × 0.5 m diameter of basement) 
made of transparent Plexiglas were prepared. The 
bottom edges of the chambers were put in the 7 cm 
depth of the soil to be sealed. The methane emitted 
from paddy soil was collected in Tedlar® bags made 
of transparent 2ml film attached on the top of the 
chambers. Then, the methane amount was measured 
by a portable gas detector (Crowcon, Oxfordshire 
England) in three replications. Then, methane flux was 
calculated using the following equation (1)11,12: 
 
Fm=    
𝑋
106
× 𝐵𝑉(𝑆𝑇𝑃) × 16 ×
103
22400
×
1
𝐴
×
60
𝑡
                 Eq. [1] 
 
Where: Fm = CH4 efflux in mg m-2 h-1, x = change in 
gas concentration in ppmv from time (0 to min), BV (STP) 
= volume of the chamber (cm3) at standard 
temperature and pressure, A = area of the chamber 
(cm2), and t = time interval (minute). 
 
2.4  Cultivation System 
 
Conventional cultivation system has been studied. For 
this purpose, 21–30 days old seedlings were 
transplanted in 3-5 seedlings per hill with 20 cm 
distance among them to achieve a plant density of 
100 plants per m2. Transplanting was performed on 23 
March 2012 and the rice plants were harvested on 11 
July 2012 at first round.  
In the second round of the experiment, the growing 
season started on 1 October 2012 and continued to 20 
January 2013. The irrigation pattern for control was 
conducted according to FAO (1989). Weeds were 
controlled manually whenever it was needed. 
Chemical fertilizer used was targeting N (120 kg ha-1), 
P2O5 (60 kg ha-1), and K2O (40 kg ha-1).  
 
2.5  Soil Temperature 
 
Soil temperature at a depth of 5 cm was measured by 
a digital thermometer in three replications. In addition, 
the value read by digital thermometer was controlled 
by a mercury thermometer. Measurements have been 
performed hourly and simultaneously with methane 
emission monitoring. 
 
2.6  Data Analysis 
 
This experiment was conducted in two cycles based 
on a completely randomized design. Data analyzes 
including correlation has been conducted by SPSS16.0 
software. In case of significant differences, Duncan 
Multiple Range test (DMRT) was implemented to 
compare the means. 
 
 
3.0  RESULTS AND DISCUSSION 
 
The methane emission rate increased from 7:00 AM 
reaching a peak at 12 to 2 PM. Then, through a 
declining trend the methane emission reached to zero 
level at 8:00 PM (Figure 1). This pattern was almost in 
agreement with previous work13. Besides, changes in 
trend of methane emission was in harmony with the 
pattern of soil temperature variation (Figure 2). 
Maximum temperature occurred around 1:00 PM 
when, the methane emission got to its maximum level 
as well. This pattern was similar in all data sets. This 
consistency indicated the strong effect of soil 
temperature on the methane emission. 
 
 
 
89                                              Pardis Fazli et al. / Jurnal Teknologi (Sciences & Engineering) 78:1–2 (2016) 87–91 
 
 
 
 
 
Figure 1 Hourly pattern of methane emission from 7:00 AM to 
8:00 PM on 19 dates of sample gathering (first day after 
transplanting (DAT), 8 DAT, up to 110 DAT); R1: First round of 
experiment, R2: Second round of experiment 
 
 
Figure 2 Hourly pattern of soil temperature from 7:00 AM to 
8:00 PM on average in 19 dates of sample gathering 
 
 
Maximum methane emission rate showed a strong 
and positive correlation with soil temperature (Table 1). 
The high effect of Ts on methane emission was 
reported in previous studies8,14,15. In fact, in short term, 
other influencing factors could be assumed constant 
because their alteration in such a short time (13 hours) 
is not significant. As a result, the potential effect of Ts 
was well demonstrated.  
The increasing effect of temperature on biological 
systems considering the range of their optimum 
physiological temperature has been indicated by 
previous studies7,15. Thus, it could be assumed that the 
‘methanogens’ activity could be affected by 
temperature in the same way16. Consequently, their 
population and activity possibly could be influenced 
by Ts. In this experiment, the range of soil temperature 
varied from 20 ºC in the morning (7:00 AM) to 30 ºC in 
the afternoon (1:00 PM). Consequently, in the morning 
less methane emission rate was expected to occur 
and, it should increase in higher temperature hours 
(12:00-2:00 PM). Accordingly, the hourly methane 
emission pattern followed the same trend.  
In terms of long term study, the highest soil 
temperature was observed from 58 days after 
transplanting (DAT) to 89 DAT at first round 
(reproductive development stage) and between 29 
and 65 DAT (from active vegetative to panicle 
initiation stage) at second round of the experiment 
(Figure 3). In addition, daily methane emission (Figure 
4) was positively and significantly correlated to Ts. 
Therefore, soil temperature was an efficient factor on 
enhancing methane emission during this period. 
Nevertheless, stronger short term correlation (hourly 
pattern) was observed compared to long term (Table 
1). This could be better explained by substantial time in 
the rice growing season in which other influencing 
factors were altered and moderated the Ts effect. For 
instance, coincide with high methane emission, root 
exudates and litters of rice plant form an effective 
carbon source for methanogens17,18,19. Subsequently, a 
multiple increasing effect (e.g., the effects of soil 
organic matters availability and higher standing water 
depth) along with higher soil temperature might be 
mostly responsible for higher methane emission during 
reproductive stage20,21,22,23. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1 Correlation between methane emission and soil temperature (C). 
Methane emission Correlation (Temperature) 
Methane emission (mg CH4 m-2  hr -1) at maximum emission 0.768**  
Methane emission rate in average (mg CH4 m-2 hr-1) 0.656* 
Daily methane emission (mg CH4 m-2 d-1) at R1 0.528*  
Daily methane emission (mg CH4 m-2 d-1) at R2 0.509* 
*Correlation is significant at the 0.05 level 
**Correlation is significant at the 0.01 level  
R1: First round of experiment, R2: Second round of experiment 
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Figure 3 Soil temperature at 5 cm depth in 19 dates of data gathering (first day after 
transplanting (1 DAT), 8 DAT up to 110 DAT); R1: First round of experiment, R2: Second round 
of experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Daily methane emissions during rice growth season); R1: First round of experiment, R2: 
Second round of experiment 
 
 
 
4.0  CONCLUSION 
 
The pattern of methane emission seems to be 
significantly regulated by soil temperature (especially 
in short term period). However, the pattern of 
methane emission in long term advocates the 
involvement of factors other than temperature 
(irrigation pattern, applied fertilizers, soil properties, 
and rice biological activities). Since, anoxic area of 
the soil is the main habitat of methanogens, the 
effect of soil temperature in this soil depth (> 10 cm) is 
suggested to be a subject of further research in 
future. The methanogens populations and their 
activities in respective depths also need to be 
studied. This possible evaluation could help to derive 
a more accurate perception of soil temperature 
effect on methane production in tropical paddy soils. 
 
 
 
 
 
Acknowledgement 
 
This study was supported by grants from Ministry of 
Higher Education (MOHE) Malaysia under Exploratory 
Research Grant Scheme. The first author is extremely 
grateful to Professor Dr. M.R. Chaichi for his helpful 
and meticulous proofreading. 
 
 
References 
 
[1] Mitra, S., Majumdar, D. and Wassmann, R. 2012. Methane 
Production And Emission In Surface And Subsurface Rice 
Soils And Their Blends. Agric Ecosyst Environ. 158: 94-102.  
[2] Feng, Y., Xu, Y., Yu, Y., Xie, Z. and Lin, X. 2011. Mechanisms 
Of Biochar Decreasing Methane Emission From Chinese 
Paddy Soils. Soil Biol Biochem. 46: 80-88. 
[3] Singh, A., and Dubey, S. K. 2012. Temporal Variation In 
Methanogenic Community Structure And Methane 
Production Potential Of Tropical Rice Ecosystem. Soil Biol 
Biochem. 48: 162-166.  
[4] Das, S., Ghosh, A. and Adhya, T. K. 2011. Nitrous Oxide 
And Methane Emission From A Flooded Rice Field As 
ab bc
c
c
ab bc
ab
bc
b
a
b
bab bab
a
ab b
a ab
a
ab
a
bc
a
bc
ab
bc
a
bc
bc
c
c
c
bc cbc
bc
25
26
27
28
29
30
31
R1 R2
S
o
il
 T
em
p
er
a
tu
re
 (
ºC
)
1 8 15 22 29 36 42 47 54 58
65 71 77 84 89 96 103 107 110
0.00
2.00
4.00
6.00
8.00
10.00
1
1
5
2
9
4
2
5
4
6
5
7
7
8
9
1
0
3
1
1
1
m
g
 C
H
4
m
-2
d
-1
Day After Transplanting
R2
0.00
2.00
4.00
6.00
8.00
10.00
1
1
5
2
9
4
2
5
4
6
2
7
1
8
4
9
6
1
0
6
m
g
 C
H
4
m
-2
d
-1
Day After Transplanting
R1
91                                              Pardis Fazli et al. / Jurnal Teknologi (Sciences & Engineering) 78:1–2 (2016) 87–91 
 
 
Influenced By Separate And Combined Application Of 
Herbicides Bensulfuron Methyl And Pretilachlor. 
Chemosphere. 84: 54-62. 
[5] Kim, S. Y., Gutierrez, J. and Kim, P. J. 2012. Considering 
Winter Cover Crop Selection As Green Manure To Control 
Methane Emission During Rice Cultivation In Paddy Soil. 
Agric Ecosyst Environ. 161: 130-136. 
[6] Dubey, S. K. 2005. Microbial Ecology Of Methane Emission 
In Rice Agroecosystem: A Review. Appl Ecol Env Res. 3(2): 
1-27. 
[7] Tian, J., Chen, H., Wang, Y. and Zhou, X. 2011. Methane 
Production In Relation With Temperature, Substrate And 
Soil Depth In Zoige Wetlands On Tibetan Plateau. Acta 
Ecol Sin. 31(2): 121-125.  
[8] Yang, S. S. and H. L. Chang. 1998. Effect Of Environmental 
Conditions On Methane Production And Emission From 
Paddy Soil. Agric Ecosyst Environ. 69: 69-80.  
[9] Nozhevnikova, A. N., Nekrasova, V., Ammann, A., 
Zehnder, A. J. B., Wehrli, B. and Holliger, C. 2007. Infuence 
Of Temperature And High Acetate Concentrations On 
Methanogenensis In Lake Sediment Slurries. FEMS 
Microbiol Ecol. 62: 336-344. 
[10] Marzuki, I., Ahmad, M. A. and Nur Zafirah, M. S. 2008. 
Ground-level Ozone: A Threat To Rice Crop In Muda 
Irrigation Area Of Peninsular Malaysia. JSSM. 3(2): 1-13. 
[11] Tyagi, L., Kumari, B. and Singh, S. N. 2010. Water 
Management-A Tool For Methane Mitigation From 
Irrigated Paddy Fields. Sci. Total Environ. 408: 1085-1090.  
[12] Fazli P. and Hasfalina C. M. 2014. Comparison Of Methane 
Emission From Conventional And Modified Paddy 
Cultivation In Malaysia. Agric Agric Sci Procedia. 2: 272-
279.  
[13] Purkait, K. K., Saha, A. K., Sanghamitra, D. and 
Chakrabarty, D. K. 2007. Behaviour Of Methane Emission 
From A Paddy Field Of High Carbon Content. Indian J 
Radio Space. 36: 52-58. 
[14] Schotz, H., Wolfgang, S. and Conrad, R. 1990. Influence Of 
Soil Temperature On Methane Emission From Rice Paddy 
Fields. Biogeochemistry. 11: 11-95.  
[15] Khalil, M. A. K., Rasmussen, R. A., Shearer, M. J., Dalluge, R. 
W., Ren L. and Duan, C. L. 1998. Factors Affecting 
Methane Emissions From Rice Fields. J Geophys Res-Atmos. 
103(D19): 25219-25231. 
[16] Schrope, M. K., Chanton, J. P., Allen, L. H. and Baker, J. T. 
1999. Effect of CO2 Enrichment And Ele-Vated 
Temperature On Methane Emissions From Rice, Oryza 
Sativa. Glob Change Biol. 5: 587-599. 
[17] Neue, H. U., Wassmann, R., Lantin, R. S., Alberto, M. C. R., 
Aduna, J. B. and Javellana, A. M. 1996. Factors Affecting 
Methane Emission From Rice Fields. Atmos Environ. 30: 
1751-1754. 
[18] Gogoi, N., Baruah, K., Gogoi, B. and Gupta, P. K. 2008. 
Methane Emission From Two Different Rice Ecosystems At 
Lower Brahmaputra Valley Zone Of North East India. Appl 
Ecol Env Res. 6(3): 99-112. 
[19] Fazli, P., Hasfalina, C. M. , Umi Kalsom, M. S. and Azni, I. 
2013. Characteristics of Methanogens and Methanotrophs 
in Rice Fields: A Review. As Pac J Mol Biol Biotechnol. 
21(1): 3-17.  
[20] Ding, W., Cai, Z., Tsuruta, H. and Li, X. 2003. Key Factors 
Affecting Spatial Variation Of Methane Emissions From 
Freshwater Marshes. Chemosphere. 51: 167-173. 
[21] Datta, A., Yeluripati, J. B., Nayak, D. R., Mahata, K. R., 
Santra, S. C. and Adhya, T. K. 2012. Seasonal Variation Of 
Methane Flux From Coastal Saline Rice Field With The 
Application Of Different Organic Manures. Atmos Environ. 
1-9. 
[22] Hou, H., Peng, S., Xu, J., Yang, S. and Mao, Z. 2012. 
Seasonal Variations Of CH4 And N2O Emissions In 
Response To Water Management Of Paddy Fields 
Located In Southeast China. Chemosphere. 89: 884-892.  
[23] Yang, S., Peng, S., Xu, J., Luo, Y. and Li, D. 2012. Methane 
And Nitrous Oxide Emissions From Paddy Field As Affected 
By Water-Saving Irrigation. Phys Chem Earth. 53(54): 30-37. 
 
 
  
 
